Ionic liquids, or room temperature molten salts, have attracted increasing interest over recent years, particularly in the area of green chemistry, due to their advantageous properties including negligible vapour pressure and wide liquid range. 1-3 Work has focussed on liquids formed from dialkylimidazolium halides which are readily prepared from 1-methylimidazole and a slight excess of the desired haloalkane. 4 Addition of a suitable molar ratio of aluminium chloride to these salts gives rise to ionic liquids containing complex metal anions which have been used in a number of applications such as electroplating, electrochemical devices and catalysts for organic synthesis. 1, [4] [5] [6] The main disadvantage of imidazolium-based liquids is their relatively high cost for bulk applications, whilst chloroaluminate ionic liquids have the additional problem of their low tolerance to moisture, necessitating the use of glove box and Schlenk techniques to prepare and investigate their properties. The former problem may be overcome by using cheaper ammonium salts whereas the latter may be solved by replacing aluminium with less reactive metals.
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Recently, Freeman and coworkers have characterised ionic liquids formed from FeCl 2 or FeCl 3 and 1-butyl-3-methylimidazolium chloride. 7 However, other examples of ionic liquids made from metal chlorides other than aluminium are less well characterised and are mainly cited in conference proceedings 8 or in the patent literature. 9, 10 Here we report the synthesis and characterisation of new moisture-stable, Lewis-acidic ionic liquids made from metal chlorides and quaternary ammonium salts that are commercially available or simple to synthesise. These offer the potential to tailor the physical properties e.g. melting point, viscosity and conductivity, and to tune the Lewis acidity by choosing a different metal or indeed combinations of metals.
To investigate the parameters necessary for a salt to be liquid at or near room temperature we have heated a range of ammonium salts with zinc chloride in a 1+2 molar ratio and the results are shown in 13 The ionic liquid has a conductivity of 36 mS cm 21 at 40 °C and this increases exponentially with temperature, due to a decrease in the viscosity and hence an increase in the mobility of the ions in the melt. † The conductivity is similar to that found in alkylpyridinium-based ionic liquids 14 and is sufficient for them to be suitable media for electrochemical applications such † Electronic supplementary information (ESI) available: plot of conductivity vs. temperature for the ionic liquid formed from zinc chloride and choline chloride (2+1). See http://www.rsc.org/suppdata/cc/b1/b106357j/ as batteries and metal deposition. The liquids provide an electrochemical window of about 2 V positive from the Zn/Zn 2+ couple. Further details of the conductivity and electrochemical properties are reported elsewhere. 15 Having established that the cationic component can be varied we have also investigated changing the metal-containing, i.e. To conclude, we have shown that heating functionalised quaternary ammonium halides [Me 3 NC 2 H 4 Y]Cl and MCl 2 (M = Zn, Sn) gives materials that are conducting, viscous liquids at or around room temperature. The freezing points are dependent upon the symmetry of the cation and upon the nature of the functionalised side chain. The advantages of these new ionic liquids over presently available metal-containing ionic liquids are that they are insensitive to moisture and are much cheaper than imidazolium-based liquids. In addition, their Lewis acidity can be altered by varying the metal chloride(s) used. The use of these liquids as catalysts for the Diels-Alder reaction of acroleins and dienes will be reported elsewhere.
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Notes and references ‡ The general route for the synthesis of the ionic liquids was as follows: quaternary ammonium salt (20 mmol) was mixed with zinc chloride (40 mmol) and heated to ca. 150 °C in air with stirring until a clear colourless liquid was obtained. In contrast with the usual AlCl 3 -based ionic liquids the reaction appears to be endothermic.
Drying the liquids under vacuum at 100 °C overnight has only a small effect on the freezing point, a few degrees, suggesting that immediately after preparation the liquids do not contain much water. The liquids are at least as thermally stable as AlCl 3 -based liquids, and can be heated to at least 190 °C.
